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Abstract- In analysing the performance of any
communication system, degradation is usually caused
by unwanted signals. Filters are hence placed at
desired locations to filter out these unwanted
frequencies. However, the presence of significant
harmonic signals that can be generated by devices such
as mixers can easily contribute to the unwanted
frequencies. Special attention has to be given in
suppressing the second harmonic present in the filter
output. This paper presents the design of a parallel-
coupled bandpass filter having grooved structures. The
chosen frequency of operation is 2.5 GHz, suitable for
wireless communication system. The proposed design
improvements were investigated for Chebyshev
response filters. The filters consist of several filter
orders, each having different number of grooves.
Experimental investigations revealed that as the
number of grooves increases, the second harmonic
signal decreases. However, it is interesting to note that
the behaviour changed with the presence of seven
grooves.
1. Introduction
Microstrip bandpass filters have been widely used
in many microwave systems. A cascade of parallel-
coupled sections is one of the most common
implementation methods for bandpass and bandstop
filters with required bandwidths up to a 40 % of the
central frequency in planar circuit realization using
transmission line structure such as microstrip and
stripline [1], [2]. Although microstrip parallel-coupled
bandpass (MPT) filter is very popular and simple to be
implemented as shown in Figure I for a 3rd order MPT
filter, the conventional design does suffer from a
fundamental limitation, namely, the presence of spurious
response at twice the basic passband at the design
frequency. The presence of the spurious response can be
seen in Figure 2 for a 6'h order MPT filter.
Figure 1: Configuration of a 3,d order MPT filter.
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Figure 2: Responses ofa 6'h order MPT filter.
In Figure 2, IS,, I and 1s21 1 are the return and
insertion losses, respectively. One of the critical
disadvantages is that the first spurious passband of a
parallel-coupled bandpass filter appears at twice the basic
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passband frequency. Hence, the rejection of the upper
stopband is worse than that of the lower stopband. As
a result, filter applications are greatly limited and thus
the system performance will degrade. This is due to
the inequality of even and odd mode phase velocities
of coupled-lines in each stage. The problem becomes
severe if transmission line structures such as inverted
microstrip and suspended-substrate stripline are used,
since these two media exhibit considerably greater
difference in mode velocities [3].
A second critical disadvantage is the existence of
frequency response asymmetry which is important in
applications involving pulsed signals. The condition is
represented by the I S , I response that has steeper roll-
off on the lower frequency side than on the higher
frequency side. It is usually necessary to cascade
additional low pass filters that can reject the spurious
passbands. However, this increases the filter layout
area and introduces additional insertion losses. Hence,
there is an immediate need to design filters that have
compact sizes and able to reject harmonic signals
especially the second harmonic. The response of the
passband group delay has apparent asymmetry. A
novel method of modifying the parallel-coupled
bandpass filter structure without recalculation of the
physical dimensions for improving the suppression of
2 harmonic and improving the Chebyshev frequency
response symmetry for lower cut off and upper cut off
frequencies has been reported [4]. Details of the work
can be referred in reference [5]. The design
frequencies and operating bandwidth aref0 = 2.5 GHz
and 10 %, respectively. The chosen microwave
laminate has permittivity, s. of 10.2 and substrate
thickness, h of 1.27 mm. The design equations for the
physical dimension of a parallel coupled bandpass
filter were used, which is the most accurate design
equation based on the Sina Akhtarzad, Thomas R.
Rowbotham and Peter B. Johns [6], 1975.
2. Physical Design Parameters for
MPT Filters
The 3rd to 9th orders of Chebyshev response were
chosen to investigate the performance of the filter with
and without grooves. In the synthesis procedure, the
calculated Zoe and ZOO for the coupled lines are given as
Z, =Z"[I+JZO + (JZ)2 ],
ZOO = ZO[I-JZO + (JZO) I]
(1)
(2)
Equations (1) and (2) were used to calculate w/h, s/h
and I for the coupled line [1]. A number ofresearches have
reported various design equations for coupled microstrip
lines [3], [6]-[9]. Although graphical results and formulas
are available from these sources for the design of
microstrip couplers, the design procedures are hampered
because Z., and Z,,,, are always expressed in terms of the
physical geometry w/h and s/h. In practice the designers
obtain Z., and Z,O and are then required to calculate the
geometry w/h and s/h given by them. Figure 3 shows the
physical dimensions of the 3rd order MPT filter. The
computed design parameters for 4th to 9th order filters are
available in [5].
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Figure 3: Physical dimensions of a 3rd order MPT filter.
The designed filters were simulated in Sonnetlite Plus
for filter responses, IS,,I and 1S211. Due to the limited
software memory, the design accuracies were specified as
0.1 %. First, the filters were designed according to exact
values of w, s and I up to 0.0001 mm. Then the accuracy
was adjusted accordingly. Based on the physical
parameters of the 3rd to 6'h order Chebyshev response MPT
filter withf, = 2.5 GHz with a 10% FBW, w= 1.1925 mm,
I = 10 mm of the input and output ports (Z. = 50 10) were
designed. The corresponding simulated return and insertion
losses responses for the 3rd to 9th order Chebyshev response
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Figure 4: Simulated MPT responses for the 3"d to 9"h order,
fo = 2.5 GHz with 10% FBW.
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It can be concluded that as the filter order
increases, IS2j1 improves in terms of cut off frequency
but the 2nd harmonic at 5 GHz is present heavily with
other unwanted distortions. The 2nd harmonic at 5 GHz
for the 3rd order MPT filter showed minimum rejection
compared to other filter orders. As the order increases,
the rejection improved but at higher orders it increases
with unwanted distortion. It can be concluded that the
presence of 2nd harmonics were high and need to be
minimized. For further investigation on the
suppression of 2nd harmonic, only 3rd to 6e orders were
chosen.
3. Modified MPT Filter, GMPT
Since the 2nd harmonic at 5 GHz is present heavily
for any order Chebyshev response filter for f0 = 2.5
GHz, it needs to be modified. The modification was
carried for 3d to 6h orders by introducing square
grooves with length of w/2. The grooves were placed
in the coupled region as shown in Figure 5. The square
grooves were introduced from n = I to 7 at equal
distance on the coupled region. The grooves were in
the form of rectangular-wave contour. The purpose for
choosing rectangular-wave shape is for the ease of
design and simulation. Periodic square grooves were
symmetrically placed at both sides of coupled-line.
Based on the given physical dimensions for the 3rd to
6th order of responses, the square grooves were
introduced. The modified filters with grooves, GMPT,
were then simulated. The simulated responses are as in
Figs. 6 to 9. Design accuracies from 0.1 % to 2.5 %
were specified. For the 3rd order filter as shown in
Figs. 6 to 9, as n increases from 0 to 6, the 2nd
harmonic signals decreases. The rejection level
reaches the maximum -45 dB to -60 dB and below
when the n = 6. When n = 7, harmonic signal level
increases. The increase is due to the grooves getting
very close to each other which will cause the
interference and the odd mode electrical length to
increase beyond the electrical length ofthe even mode.
The cut-off rate of the proposed filters for stopband
was improved by 30 dB to 40 dB, compared to MPT
filters. The IMPT filter centre frequency shifted and
the operational bandwidth further reduced as the filter
order increases.
It can be concluded that the grooves improved the
filter responses for the 3rd to 6h orders. When n
increases from I to 6, the 25d harmonic reduced to the
lowest level, the centre frequency shifted to a smaller
value and the operational bandwidth decreases. But
when n = 7, the 2nd harmonic increased to the highest
value regardless of the filter order. As the filter order
increases, the coupled region length I decreases and the
width w of the microstrip increases as well as s the gap.
For the 3rd to 6'h orders where at n = 7, the 2 d harmonic
increases, mainly due to the grooves getting closer to each
other and cause heavy coupling. The electrical length of
the odd mode extended compared to the even mode.
Hence, the 51h and 6'h orders with n = 6 grooves showed
better rejection of the 2nd harmonic.
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Figure 6: Filter responses for the 3td order MPT without grooves
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Figure 7: Filter responses for the 4lb order MPT without grooves
and grooves n = I to 7.
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Figure 8: Filter responses for the 5b order MPT without grooves
and grooves n = I to 7.
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Figure 9: Filter responses for the 6"3 order MPT without
grooves and grooves n = I to 7.
4. Improved Design ofMPT Filter
It has been shown that as n increases, 2nd
harmonic signal level and bandwidth decreases, and all
the f, reduce regardless of filter order and response.
(For example, 2.5 GHz shifted to 2.25 GHz, and 10 %
bandwidth decreases to 5.0% when n = 7). Since the
Chebyshev response of 5h and 6'h orders showed better
performances with n = 6 where maximum suppression
of 2nd harmonic can be achieved, the designs were
improved for these orders.
To maintain the centre frequency at 2.5 GHz, 10
% bandwidth, with lowest 2nd harmonic signal level,
the improved design specification is f, =2.75 GHz,
12.5% FBW with n = 6. Since 2.5 GHz has been
shifted to 2.25 GHz, there is 10 % shift for any
response and order at n = 6. Hence, the 2.75 GHz as
the new design frequency will be the right choice to
achieve 2.5 GHz. Figs. 10 and 11 show the
performances of the 5tl and 6'h orders MPT without
grooves, where thef, is 2.75 GHz and full bandwidth
of 12.5% (IMPT filter). Figs. 12 and 13 show the
respective filters' responses with n = 6 (IGMPT filter).
It can be concluded that the response showed
improvement on rejection of 2nd harmonic, the f,
shifted to 2.5 GHz, but the bandwidth is 8.6%.
It can be concluded that the 6th order IGMPT filter
with n = 6 showed better improvement compared to
that of 5th order. When compared to 6h order MPT
filter, the IGMPT filter showed superior improvement
in terms of 2nd harmonic rejection and the second cut
off frequency at 3.1 GHz by 22.5 %. The fabricated
board dimension also reduced by 13 % compared to
the MPT filter.
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Figure 12: 5rh order IGMPT filter responses with n 6.
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Figure 13: 6'1 order IGMPT filter responses with n =6.
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5. Discussions and Conclusion
MPT filter generates high signal level at the 2 d
harmonic. For the 2.5 GHz MPT filter, it appears at
5.0 GHz. It is stronger at the higher orders of MPT
filters. As n increases, the 2nd harmonic signal level
and bandwidth decrease. All thef, reduce regardless of
the filter orders and response types, due to increased
effective electrical path lengths for the even and odd
modes of the TEM wave caused by inserting the
periodic square grooves. The shift of the c to lower
values effectively compacting the filter. The harmonic
suppression characteristics of n=7 filter for Chebyshev
of any orders approached the worst because of the
strong interferences caused by the small interval
between the grooves and the effective electrical length
for the odd mode get larger than the effective electrical
length of the even modes.
It has been shown that as n increases, 2nd
harmonic signal level and bandwidth decreases, and
thefc reduces regardless of filter order and response. In
order to design a MPT filter with minimum second
harmonic, or high harmonic suppression, good cut off
characteristic at fc = 2.5 GHz with 10 % FBW, the
filter is redesigned at 2.75 GHz with 12.5 % FBW.
Chebyshev response for the above proposed
specification was carried out for 6th order with 12.5%
FBW and n = 6, good filter response was again
achieved. The new design showedfc at 2.5GHz, FBW
of 8 % to 9 %, good cut off characteristic, highest 2nd
harmonic rejection of -60 dB and also the actual filter
dimension reduced by 13%.
It can be concluded that the proposed modified
design has improved greatly the performance of the
filter. No recalculation of the physical dimensions is
required. It involves only the introduction of square
grooves at equal distances within the coupled region.
Compared to the improvement of the time spent for the
design, this method is the cheapest method to improve
the performance of the filter.
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